Introduction: Metaphyseal comminution is widely considered as a key radiographic parameter that predicts fracture instability for distal radius fractures. However, no quantitative parameter is available to measure this degree of comminution. To quantify metaphyseal comminution objectively, the authors devised and validated the metaphyseal collapse ratio, a new radiographic index. Materials and methods: Seventy-four cases of distal radius fracture in the elderly were included in this analysis. After closed reduction, a strictly lateral plain radiograph was obtained and digitally adjusted. The metaphyseal collapse ratio (MCR) was calculated expressing the maximal radiolucent extent as a percentage of the intercortical distance. Furthermore, correlations between MCR and age, gender, DXA scores, and other radiographic parameters, namely, radial shortening, volar tilt, radial inclination, and the presence of an associated ulnar fracture were investigated. Results: Mean metaphyseal collapse ratio in the cohort was calculated to be 51.7% by one observer and 53.7% by a second, showing good interobserver and mean intraobserver reliability (0.812, P < 0.001 and 0.826, P < 0.001, respectively). MCR was found to be significantly correlated with conventionally accepted radiographic parameters of fracture instability, that is, radial shortening (P < 0.001), volar tilt (P < 0.001), and radial inclination (P = 0.002), but not with age, gender, DXA scores, and the presence of a combined ulnar fracture.
Introduction
Prediction of instability after the treatment of distal radius fracture has received considerable attention in the literature, because it helps time intervention and prevents unnecessary physical and economic losses due to undesirable outcomes or treatment delays. However, although many clinical and radiographic factors, such as, dorsal angulation, metaphyseal comminution, radial shortening, articular incongruity, the presence of a concomitant ulnar fracture, age, and bone mineral density have been reported to predict fracture instability, the issue remains controversial [1] [2] [3] [4] [5] [6] [7] [8] .
Although the majority of these factors, in quantified forms, have been suggested to predict the threshold of fracture instability, only metaphyseal comminution has been shown to be a key radiographic predictor by major studies, [4, 5, 7] and no tool or protocol has been devised to quantify degree of comminution. Rather the factors suggested to date are based at best on crude semiquantitative criteria [1, 4, 7, [9] [10] [11] [12] . Accordingly, it is not possible to describe metaphyseal comminution objectively in a clinical or academic setting. Furthermore, erstwhile historical descriptions of metaphyseal comminution cannot be adopted as potential predictors of fracture instability without universally accepted methods of quantification.
Accordingly, the purpose of this study was to devise a straightforward means for quantifying metaphyseal comminution in distal radius fractures, and to demonstrate its reliability by establishing correlations between it and clinical and radiographic parameters.
Materials and methods
A retrospective review of clinical and radiographic data of distal radius fractures in the elderly and correlational analysis were conducted to determine the reliability of metaphyseal collapse ratio (MCR) to quantify metaphyseal comminution in distal radius fractures. The study was approved by our institutional review board.
Seventy-four consecutive patients with a distal radius fracture who visited our emergency or outpatient department from January 2010 to December 2010 were included. The patients consisted of 60 women and 14 men of average age 63.5 years (range, 52 to 86). The inclusion criteria were the patient age > 50 years and distal radius fracture treated with non-surgical management. 
Study protocol
MCR values were calculated from dimensions in postreduction true lateral radiographic images. Before fracture reduction, degree of comminution is difficult to diagnose, because the impaction of fracture fragments may mask metaphyseal collapse. In each case, after acquiring a true lateral image, the grayscale was adjusted using the digital manipulation function in the PACS system to make the boundary of the collapsed portion of the metaphyseal osseous region, which provides structural support to distal fragment, as clear as possible. The MCR values were then calculated by expressing maximal radiolucent width (y) as a percentage of intercortical distance (x) (Fig. 1) . MCR values were conducted in all patients twice by the first author and also twice by a co-author (SHR and JHK, respectively) for interobserver and intraobserver reliability testing and mean MCR values were used. To examine correlations between MCRs and clinical and radiographic factors, age, sex, and T-scores of the femoral neck and lumbar spine were acquired by dual Xray absorptiometry. In addition, radial shortening, volar tilt, radial inclination, and combined ulnar fracture were measured in plain radiographs. All data were determined using pre-reduction radiographs. All of the above-mentioned parameters are widely considered to predict distal radius fracture instability in the previous studies [1, 3, [5] [6] [7] [8] .
Statistical analysis
Correlation and comparative tests between MCR values and other clinical factors were performed. For continuous variables, that is, age, DXA T-score, radial shortening, volar tilt, and radial inclination, Pearson's correlation test was performed, and for categorical variables, that is, sex and combined ulnar fracture, the Student's t test and one-way ANOVA test were used, respectively. In addition, interobserver and intraobserver agreement for the determination of MCR values was evaluated by interclass correlation coefficient (ICC) analysis. All statistical manipulations were conducted using the Statistical Package for the Social Sciences (SPSS) version 12.0 (SPSS Inc., Chicago, IL), and P values of <0.05 were considered significant.
Results
The mean MCRs (± SD) reported by raters #1 and 2 were 51.7% ± 18.9% (range: 11.3 to 76.5%) and 53.7% ± 15.4% (range: 16.2 to 81.0%), respectively. The overall MCR was 52.7% ± 16.0% (range: 13.7 to 79.5%), and the interclass correlation coefficient (ICC) for interobserver reliability was 0.812 with a p value of < 0.001 and ICC for intraobserver reliability was 0.826 with P value of < 0.001 (Table 1) . Clinical and radiographic assessments revealed a mean DXA T-score at the femoral neck of -1.71 ± 1.03 (range: -4.80 • ). Forty-six patients had a combined ulnar fracture; 22 styloid non-base fractures, 16 styloid base fractures, and eight metaphyseal fractures. Of the clinical and radiographic factors examined, only radial shortening, volar tilt, and radial inclination were found to be significantly correlated with metaphyseal collapse ratio (r = 0.414, P < 0.001, r = -0.429, P < 0.001, and r = -0.348, P = 0.002, respectively) ( Table 2 , Fig. 2 ).
Discussion
A number of major studies have regarded metaphyseal comminution as a potential predictor of distal radius fracture instability after treatment [1, [3] [4] [5] [6] [7] , and a considerable number of classification systems have included metaphyseal comminution as a viable [13] [14] [15] (Tables 3-4) . However, in all, metaphyseal comminution was assessed either qualitatively or rarely semi-quantitatively, and such methods invariably lack of reproducibility. Accordingly, it is not clear whether 'metaphyseal comminution' as defined in these previous studies constitutes a verifiable criterion. 
Figure 2
The scatter diagram shows the correlation between MCR and other radiographic factors, namely, radial shortening (A), volar tilt (B), and radial inclination (C).
Furthermore, no information is available as to whether metaphyseal comminution is best evaluated in pre-or postreduction radiographs.
In the present study, we quantified metaphyseal comminution in a prescribed manner by calculating metaphyseal collapse ratios (MCR), and we found MCR provided good inter-rater reliability and that it is significant correlated with other radiographic parameters that have previously been reported to predictor. We emphasize that MCR values were determined using a fully quantifiable method using measures of comminution obtained from post-reduction lateral radiographs. As shown in Tables 3 and 4 , in the majority of previous studies and classifications extent of comminution was measured is in pre-reduction radiographs. Generally, extent of comminution can often be misdiagnosed because of the overlapping of multiple fracture fragments on initial pre-reduction radiographs and because of the plaster shadow on post-reduction radiographs [16, 17] . However, recently developed image processing techniques provided by the digital PACS system enable interpreters to overcome interference by plaster shadows. In the present study, we attenuated the plaster signal by using functions, such as, grayscale adjustment, and we assessed the percentage anteroposterior width of collapsed metaphyses versus the full thickness of the metaphysis at the level of maximal metaphysis width. Had assessments been performed in pre-reduction images, levels of measurement and widths of radiolucent areas and whole metaphyses could not have been determined reproducibly. In addition, we found correlations between MCR values and other predictors of Table 3 Previous studies which examined the potential use of metaphyseal comminution as a predictor of distal radius fracture instability.
Study
Major predictors of instability
Assessment of metaphyseal comminution
Assessment in pre-or post-reduction X-ray [18, 19] . In view of this, the strong correlation found between metaphyseal collapse ratio and other predictors in the present study support the use of MCR. This study has several limitations that warrant consideration. First, this study did not include a prognostic analysis. This was because the enrolled population was heterogeneous in terms of treatment received, which included closed reduction and casting, percutaneous pinning, and open reduction and volar plating. At our institution, recent treatment policy has tended to favor perform early surgical intervention, and thus, it was not possible to recruit consecutive patients with a wrist fracture of unstable feature that were treated conservatively. Accordingly, we used correlation analysis with other parameters to determine the validity of MCR. Second, metaphyseal collapse ratio was determined using true lateral radiographs in the present study. These radiographs provide a two dimensional overlapping view and do not provide three-dimensional topographic information, and thus, the topographic locations of comminution and directions of load transmission could not be determined. For example, volar and dorsal comminutions of the same width were regarded to have same radiographic comminution index when using metaphyseal collapse ratio. Further study is required to determine whether three-dimensional analysis of metaphyseal comminution provides additional benefit.
Metaphyseal comminution is regarded as an important radiographic index, which determines fracture stability and treatment policy, but the quantitative measurement methodology of comminution has not been suggested yet. This fact is somewhat astounding considering that there 
